ABSTRACT ROBERTS, F. F., JR.( University of Maryland, College Park), AND R. N. DOETSCH. Some singular properties of bacterial flagella, with special reference to monotrichous forms. J. Bacteriol. 91:414-421. 1966.-Heat (60 C for 30 min), 10 M acetamide, and 8 M urea all brought about rapid and complete dissolution of flagella from monotrichous bacteria; hence, these flagella respond similarly to those of peritrichous forms. Chloramphenicol (103 Ag/ml) inhibited regeneration of flagella in all peritrichously flagellated cultures; however, monotrichous forms were able to regenerate their flagella in a concentration 102 times that required to inhibit multiplication. Peritrichous bacteria did not synthesize flagella when infected by lytic bacteriophages. In these experiments, the time from infection to lysis was sufficient for uninfected controls to resynthesize their flagella. Monotrichous bacteria, however, in all but one instance, were able to resynthesize their flagella before lysis occurred. A study of flagella resynthesis in a non-nutritive milieu indicated that only a small amount of flagellum precursor is present in any given cell. The effect of temperature on synthesis of flagella indicated that, although some bacteria multiply and are motile at a given temperature, they are unable to resynthesize their flagella at that same temperature. This strongly suggests that initial flagellum synthesis and flagellum regeneration are not necessarily identical processes.
trichously flagellated cultures; however, monotrichous forms were able to regenerate their flagella in a concentration 102 times that required to inhibit multiplication. Peritrichous bacteria did not synthesize flagella when infected by lytic bacteriophages. In these experiments, the time from infection to lysis was sufficient for uninfected controls to resynthesize their flagella. Monotrichous bacteria, however, in all but one instance, were able to resynthesize their flagella before lysis occurred. A study of flagella resynthesis in a non-nutritive milieu indicated that only a small amount of flagellum precursor is present in any given cell. The effect of temperature on synthesis of flagella indicated that, although some bacteria multiply and are motile at a given temperature, they are unable to resynthesize their flagella at that same temperature. This strongly suggests that initial flagellum synthesis and flagellum regeneration are not necessarily identical processes. It has been tacitly assumed by microbiologists that no fundamental differences exist in the molecular plan or biosynthetic mechanisms leading to the synthesis of flagella in various procaryotic organisms. This must not be understood to mean that some differences, in fact, have not been observed. One may note, in passing, the work of Koffler (10) on the interesting properties of flagella from thermophilic as contrasted with mesophilic forms, or the discovery by Ambler and Rees (2) of E-N-methyl lysine in Salmonella typhimurium flagella, or the finding by Roberts and Doetsch (unpublished data) of an enzyme capable of selectively attacking flagella from peritrichous, but not monotrichous, bacteria.
The effects of chemical and physical agents on bacterial flagella have been studied by many investigators (5, 7, 14, 16, 18, 19, 20 observations. Controls of untreated bacteria were suspended in Brain Heart Infusion broth, also containing 103 ,Ag/ml of chloramphenicol, and observed for 48 hr for any change in OD (at 400 m,u). In addition, deflagellated bacteria were placed in Brain Heart Infusion broth without chloramphenicol.
Flagella regeneration during infection by bacteriophage. A washed, deflagellated suspension was added to Brain Heart Infusion broth to a concentration of 105 cells per milliliter. Amounts of 2 ml of this suspension were placed into screw-cap tubes (15 X 120 mm); specific, lytic bacteriophages were introduced at a multiplicity ratio of 10:1; and the mixture was incubated in the growth range of the host organism. A flagellated control with the same multiplicity ratio was included in each experiment. At 5-min intervals, samples were removed and examined, with both light and electron microscopes, for newly synthesized flagella, motility, and lysis. One-step growth curves were carried out by the method of Adams (1) . The phage and host strains are listed in Table 2 .
Flagella regeneration in a non-nutritive milieu. A Table 1 were heated to 60 C for 30 min, a complete dissolution of their flagella resulted. Similar results were obtained upon exposure to 10 M acetamide or to 8 M urea for 30 min.
None of the metal compounds tested, with the exception of CuS04*5H20, showed any effects on monotrichous bacteria that could be distinguished from the controls. The presence of copper ions, prior to flagella staining, seemed to cause a twofold effect in one culture, Pseudomonas aeruginosa KS-33, even though this was not seen in any of the other cultures (Table 1) . Strain KS-33 tended to form clumps of cells when stained; however, the addition of copper ions prior to staining resulted in the appearance of single cells only. Copper ions also caused the normal flagella to straighten out. (SO4)3 ruled out the sulfate ion as a possible cause of this phenomenon, although it is possible that manganese interferes with the production of the effect by sulfate, whereas copper does not interfere.
Flagella regeneration. All bacteria listed in Table 1 were deflagellated and examined for ability to regenerate flagella in the presence of 103 pg/ml of chloramphenicol. None of the peritrichously flagellated cultures was able to resynthesize new flagella or to regain its motility over a 48-hr observation period. However, all of the monotrichously flagellated bacteria were able to resynthesize flagella and regain their motility in the same time as normal controls without chloramphenicol, i.e., in less than 30 min. The polarly flagellated P. fluorescens 5-2-A and 12633 (tuft of three to four flagella at one end) responded as monotrichously flagellated species, whereas Spirillum serpens 12638 (tuft of flagella on both ends) responded as a peritrichously flagellated species. Figure 2 depicts the sequence of events in the resynthesis of flagella by P. aeruginosa 5-1-A in the presence of 103 ug/ml of chloramphenicol.
When peritrichously flagellated organisms (Table 2) were infected with phage, none regenerated its flagella. Contrariwise, all but one monotrichous organism (P. fragi 43) regenerated their flagella before lysis occurred. These results are summarized in Table 3 . None of the 21 cultures examined regenerated 
DIscussIoN
In their reactions to heat, urea, and acetamide, flagella from monotrichous bacteria respond in the same manner as those from peritrichous forms. It may be noted that the flagella of thermophilic bacteria are reported to be significantly more resistant to heat than mesophilic forms (10) . Unfortunately, the counterpart of the peritrichous thermophile, i.e., a monotrichous thermophile, has yet to be discovered.
The ability of most bacteria to regenerate flagella in a short time, when placed in a suitable environment, is an amazing achievement of metabolic synthesis. Leifson (11) (15) , the inhibitory action of chloramphenicol may be due to interference with the attachment of messenger ribonucleic acid (RNA) to ribosomes. Yee and Gezon (21) suggested that suppression of protein synthesis may result from the channeling of available nitrogen to RNA. Neither of these explanations accounts for the selectivity of protein synthesis we observed in the resynthesis of monotrichous flagella, i.e., synthesis of flagella protein in the face of inhibition of cytoplasmic protein.
The site of the flagella-synthesizing mechanism may be the basal granule, and perhaps it is impervious, in some unknown manner, to chloramphenicol; or the synthesis of this special type of protein (flagellin) is "different" and hence unaffected by the drug. Murray and BirchAndersen (13) noted that the area around the basal granule of S. serpens was relatively ribosome-free, and perhaps this observation lends some credence to our latter hypothesis.
Cohen (3, 4) found that in phage-infected bacteria, total protein synthesis proceeds in the host cell at the same rate as before infection. This is not to say that the rate of cellular protein synthesis is unaltered, and Monod and Wollman (12) showed that phage-infected E. coli could no longer be induced to form f3-galactosidase. The .I r. 
